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Overview of Technology

- Athree party-development project

Roche Applied Sciences who at the time
had licensed ACEA xCelligence impedance
products

Cellular Dynamics International

Roche Pharma

Cerular
- Robust, reproducible in vitro assay for C e B
arrhythmia
- Widely cited paper (48x as 2/28/14)
- Adopted by numerous pharma
- Offered at several CROs

- Part of a larger effort to change TQT (E14) - ROCHE ‘
and in vitro safety pharmacology

guidance (ICH7B)
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Estimating the Risk of Drug-Induced Proarrhythmia Using Human
Induced Pluripotent Stem Cell-Derived Cardiomyocytes

i Kameaka, Marcn 1. Sanders, Eric Chiao, and

Liang Guo, Racy M. €. Abrams, Joshua E. Babiarz,
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® ~10 drugs pulled from market based on torsades de pointe

® Regulatory Guidance documents ICH7A and 7B proscribe a new host of cardiovascular
safety approaches
O hERG screening — ex vivo preps — in vivo animal models — ECGs — Thorough QTc trials
® Two consequences —
O nodruginduced torsades
O alot of beneficial drugs not marketed omy-
Llkr (hERG) == QT s TdP
e Early screening relies heavily on hERG
O hERG block # QT prolongation I
©0 hERG block # arrhythmia
O QT prolongation # arrhythmia
o

- NEWS & ANALYSIS

Arrhythmia can be independent of hERG

@ Cardiovascular safety and regulations could be better
O HESI and CIPA

Revolution dawning in
cardiotoxicity testing

buidi chea sz Ry azraen .
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* Real time, non-destructive, continuous data
* Monitors cardiotoxicity and cardiomyocyte beating
 Highly sensitive

* Simultaneously assesses

* cell viability

* properties related to contraction

* 96 well format

* Enables short term (msec) and long term (days or

HhErEREEEE

weeks) measurements in a single assay

e
without cell

cell attached

* Collaboration with Roche Applied Sciences

+ [

F =Y o
‘ = IR I | %@ ot * Why Impedance vs MEA?

o0 i o electrode with two
k A cells attached

* At the time, higher throughput (96 vs 6)

—— 4% 2-Zers * Treat and collect data for days vs hours
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C il Impedance Detection of Cardiomyocyte Beating
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Confirmation of Cardiomyocyte Nature

hIPs Cardiomyocytes
Express major cardiac proteins
Exhibit cardiac action potential wave forms
Functionally active cardiac channels
Respond as expected to channel blockers

0OmV -

Atrial-like Nodal-like Ventricular-like

APs |Interval | MDP | Peak | Amp |dVidtws:| APD10 | APD30 | APDS0 | APD3040
(n=59) (sec) (mV) (mV) (mV) | (Visec) | (msec) | (msec) (msec) | /APD70-80
Alorsy® | 12602 |-73.515( 267214 1002024 262439 | 608855 12014103/ 28624212 1.4201
N‘(’:::jf)"e 10801 |-60.1224| 19.562.0 | 79.6829 | 55504 |65.3¢18.4 [111.8415.9(254.7£205 | 1.0%0.4
‘m;‘::;;; 17401 |-75.6412| 28.3+1.0 [104.041.1| 27.8¢4.8 | 74148 [180.0410.7 41474218 25¢0.2

A Control ™ E4031

100 msec 100 msec

B 0.1% DMSO control Nifedipine 3R4S-Chromanol 293B

omv

100 msec 100 msec 100 msec
C D xf.
omv k/\
EAD A
omv s 10 o
3 . N aomv
R E4031 100 nmol/L 0.5 Hz g' 0 . . 100 msec
o ] w‘ -
2 . ‘o
4031 100 nmolL 1 Hz % 40/ &
E4031 30 nmollL 0.5 Hz &
E4031 10 nmolL 0.5 Hz =069
20

p<0.0001

-42 -40 -38 -36 -34 -32 -30 -28 -26
Take-off potential (mV)

Sarcomeric a-actinin

(Vvala Sciences)

CTNT/MLC  €TNT/MHC

Ma et. al Am J Physiol Heart Circ Physiol. (2011) High purity human-induced pluripotent stem cell-derived cardiomyocytes: electrophysiological
properties of action potentials and ionic currents
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C Ceuular Drug-induced changes in beat rate

xCELLigence: Impedance MEA: Electrical Field
' Pre-drug 0.1% DMSO Pre-drug 0.1% DMSO

Control /HJ}} HHWH\} } } ) } ) / ) ’\ W+mvumw VVAAAAAAAAAAAAS

3 |.|M TTX
Na+ Channel BIOCWWW 3uM TTX

3 uM ZD7288 3 uM ZD7288
Pace-maker WWW y 1L an J“-, i
Current Blocker o \/ \J R E L2 e B A S o
Agonist of ‘3_ 1 UM isoproterenol 1 UM isoproterenol
Adren ergic / / } } \} L/ } l) i il NN JJ \ i"“r hr’a”u'{'?‘lnﬁ“fjf u.ln'nrhr \
Receptor | i H ' }
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C Ceuular Does impedance detect the physical beating or the

Blebbistatin:
Blocks myosin Il in an actin-detached state

MEA 15 min




C S;t,‘g',?,{cs Human Cardiomyocytes Arrhythmia Risk (hCAR) Model
[ ratienat iPSC derived human cardiomyocytes

00:00:00.000. ", ‘. Pre-Drug

" 1B20= lowest tested concentration
resulting in 20% irregular beats

11 3 14 o0.21

4 28 32 0.88 ML AL A MAL ]}

f L @ 0




C Ceweular In vitro Detection of Arrhythmias with Human

Dynamlcs

nnnnnn tional iPSC-Derived Cardiomyocytes

0-1% omso IV YV
spirin
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E-4031 causes arrhythmia
DMSO

ca0at |¥ f | e /5 -.
| 77 7

Nifedipine rescues E-4031-induced arrhythmia

F? : S ¥ . . E— 2 s ~

RTCA Cardi Post-Drug (+) Nifedipine
0-19 DMSO PASAMAMIYNA A

30 UM RO5657 {M«MWW Ay

100 uM Roses7 TP (YRR

Functional Rescue of Drug-induced Arrhythmia .
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C CeLrular hCAR Initial Assay Validation:

IB20 Clinical
D hERG T
rus (M) Q arrhythmia

(+) (+) (+)
(-) (-) (+)
() (-) (+)
(+) (+) (+)
(+) (+) (+)
(+) (+) (+)
(+) (+) (+)

)

)

)

)

)

Dofetilide
Ouabain

®12 Pro-arrhythmic Aconitine

e 11 Non-arrhythmic Cisapride
E-4031

* IBZO 30 UM Astemizole
* One False Positive Terfenadine

) Flecainid
* No False Negatives A;zi':s'ine

Thioridazine
Quinidine
Erythromycin

(+) (+ (+)
(-) (+ (-)
(+) (+ (+)
(+) (+ (+)
(+) (+ (+)

(+) (+) (-)
(+) (%) (-)
(+) (+) (+)
(+) (+) (+)
(+) (+) (-)

Fluoxetine
Verapamil
Moxifloxacin

e 1B20= lowest tested Amiodarone

Ranolazine

concentration Captopril

Rofecoxib

resulting in 20% Amoxicillin

irregular beats Aspirin
Nifedipine

Guo et al. Toxicol Sci. 2011 Sep;123(1):281-9. .
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E-4031 Terfenadine
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e Rapid sustained effect of E-4031 on arrhythmia

e Terfenadine - with arrest of beating and late onset arrhythmia

e Longer term assessment improves accuracy
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C Ceuular hCAR Second Paper Goals

0
e Expand the dataset . N A
P £ ool .frr/r.rqrffomrvr "FOPAIOPArAIY 003
® More positives and negatives, toxicants, hERG omn 30N FOVVIRO TN ™
trafficking inhibitors e e S ——
. . . g [Te Doxorubicin | Yersrroranreonid Rorern SIS (u:‘)
® Fine tune the prediction 2 | e s iaresis R L1
3 3°0mln L f FIMNI"J‘I’J” / g
. . . . . s WO SN A AARARER 1 [
e delayed beat rate in vitro predicting QT prolongation 3§ L 1 FrrrrneeTr T W 3
_— L 1 SRS | B oy gy t
} by 10
® atypical beats in vitro predicting arrhythmia g FrrTrnnToneTe S —
. . s ol »»r\—ﬁ- ,.,. ,, i e (M)
® Examine onset time of 1B20 AP T ITE
nnnnn REARERARA] ‘.F.--".- -‘v-tpyﬂf-lnl- °3

® Improve the metrics

® IB20 as well as threshold cutoffs 4 =
. . Time (hrs) —
® Invitro efficacy benchmarks
A MODEL FOR CARDIAC ARRHYTHMIA PREDICTION
® Investigate potential confounding effects of , .. e
o o sedmERRE
cytotoxicity YL o o
S 3 &
L B £ -H'{'T
é ; T +l*"f‘ f
Refining the Human iPSC-Cardiomyocyte Arrhythmic Risk F-.“‘
Assessment Model 01
i 5 LEEE 1§ Hiaa iisgﬁjgé%% %g"l%gg%!:ﬁg
Liang Guo,! Luke Coyle, Rory M C. Abrames,? Raymond Kemper® Brie T Chiac,* and Kyle L. Kolaja'® 5 ! ’ § 5 i ’g = x93 SEEE
e R R IR UL
s ¥ '3 ; M
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Assay

¢ Confirmation of effects usi ng MEA Impedance-Based Detection of Beating Rhythm
. Confi . fd and Proarrhythmic Effects of Compounds
onfirmation o 0se response on Stem Cell-Derived Cardiomyocytes
° MUItiple time pOintS WOL.g NO.& « DECEMBER 2011 ASSAY and Drug Development Technologies
° Cellular Physiology  Caipryse: socremz01zz0s10.02 o
CEI IS . . o and Biochemistry

*  Express relevant ion channels and are functionally similar
*  Respond to known drug standards

S In vitro Model for Assessing Arrhythmogenic
‘ Assessment of lot to lot performance (G i Properties of Drugs Based on High-resolution
* Assessment of interassay drug response Impedance Measurements

iCell® Cardiomyocytes - Filomain Nguemo’, Tomo Sari¢', Kurt Pfannkuche', Manfred
xCELLigence RTCA Cardio System Watzele?, Michael Reppel'™ and Jlrgen Hescheler!

Application Protocol

A

Introduction
CaiF Cansompoyes i human dced phrgctest stem Cal denved

* Publications
* Cross-site, cross-investigator correlation e T

s usman osign, hgh e o ease of e
ca

Journal of Pharmacological and i
Toxicological Methods
Volume 68, Issue 1, July—August 2013, Pages 37-111

10th Annual Focused Issue on Methods in Safety Phammacology

Dokogy 7 base research of g cevsiopment

The xCELLigence RTCA Cardo System (RTCA Carde system) s 3 non-masie.

Qriginal article

o indrecty ty. contractity.
Cet Camsomy . E
° d d . Sontine S e vumsiyomt d cue b o bytiend Drug-induced functional cardiotoxicity screening in stem cell-
I n u St ry A o ptlo n mg”:,:;;‘"”:“:’wegm derived human and mouse cardiomyocytes: Effects of reference
e e e e compounds
* CDI developed standard protocol e ) ottt 3

. Extensive lot to lot characterization
°*  Pharma and CROs have run internal assessments

Biosensors and Bioelectronics .
* Unknown/Test Compound

. . . . A cardiomyocyte-based biosensor for antiarrhythmic drug
e InCI USIOI’] Of m u Itl ple dOSG a nd tl me p0| ntS Functional Cardiotoxicity evaluation by simultaneously monitoring cell growth and beating

Proﬁ"nﬂ Clnd Screening Tianxing Wang® ®, Ning HU®, Jiayue Cao®, Jieying Wu®, Kaigi Su®, Ping Wang™ & - &4

* Inclusion of at least 1 positive control Using t

e xCELLigence
RTCA Cardio System
Journal of Laboratory Attomation 2011 16: 415

ELSEVIER
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C Ceweular Human Cardiomyocyte

= Highly predictive in vitro model to identifies compounds that cause
QT prolongation and/or arrhythmia clinically
= High through-put, real-time, non-destructive
= Minimal compound requirements, fast turn-around, low technical rigor

= Longer experiments identify indirect arrhythmia mechanisms

= Provides context to hERG inhibition values

= Verification/Validation of technology and cell performance
= Across sites
= Across labs
= Across compounds
= Across lots of cells

—





